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Preface

This Handbook describes the capabilities of the Sounding Rocket program, the design and
technology applications used by that program, and the processes established to integrate the
customer (principal investiggboogram user/scientist/experimenter) into the mission team to

ensure the highest probability of a successful project. Neither the United States Government nor any
person acting on the behalf of the Unites States Government assumes any liabilifyorasiiéng

use of information contained in this document or warrants that the use will be free from privately
owned rights. The use of a company name does not imply approval or recommendation of the
product to the exclusion of others that may also belsuitab
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SECTION 1: The NASA Sounding Rocket Program (NSRP)

This Handbook was written to assist NSRP customers in developing payloads that meet the requireme
necessary to achieve missipacific, scientific objectives, and to serve as a guideline in defining NSRP
guality standards and ISO 92000 requirements For t he purposes of thi s
include principal investigators, program users, scientists, and experimenters.

1.1 The Program: 1959 the Present

The NSRP is a suborbital space flight program that primarily supportspohSéredpace and earth
sciences research activities, other government agencies, and international sounding rocket groups an
scientists. Since its inception in 1959, some 2900 missions have flown with an overall science mission
success rate in the previous 20syexceeding 90 percent and launch vehicle success rate of over 97
percent. The program is a {owst, quickesponse effort providing approximately 20 flight opportunities
per year to scientific and technology destnation investigationi&nce invesjations are involved in

upper atmosphere, plasma physics, solar physics, planetary atmospheres, galactic astronomy, high er
astrophysics, and miegoavity research. These rockets are launched from a variety of launch sites
throughout the world.

In mid-198@, she NSRP was consolidated at the Wallops Flight Facility of the Goddard Space Flight
Center. The program has continued to grow in terms of average payload size, weight, complexity, and
NSRP flight systems are remarkably sophisticatedrafiacapable of lofting 1000 pound payloads to 280
kilometers and 250 pound payloads to 1500 kilometers.

NSRP customers consist primarily of university and government research groups; however, some rese
activities involve the commercial sector.pfbgram has contributed major scientific findings and research
papers to the world of suborbital space science, validated satellite tracking and instrumentation, and s:
as a proving ground for space ship and space station components. Many nevihaeendistived

training and developmental experience through NSRP internships and graduate study programs offere
participating educational institutions.

Systems and services provided to customers of the NSRP encompass the complete spectrum of supp
mission management, payload design and development, launch vehicles, recovery systems, attitude c
systems, payload testing and evaluation, andiytiiged, aunch range operations/coordination, tracking,
and data acquisition and data processing.

Customers are required to provide the scientific instruments/detectors for the payload, a comprehensi
description of the support requested from NASA, bjettive criteria that will used to determine the
success or failure of the mission after all operations are completed.

The NSRP is conducted in compliance with ISO-200Q but without the formal and expensive reliability
and quality assurance emplogete larger and more costly orbital and deep space programs. This
informal approach, combined with the extensive use of surplus military rocket motors, is instrumental i
enabling the program to complete approximatelg@@enissions per year, usinglalbke resident WFF
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and WSMR resources. The NSROC program is required to maintain an 85% success rate (complete n
vehicle, payload and science) although the program goal is 100%.

Effective communications between the NASA project support teane andtibmer are vital to the

success of individual sounding rocket missions and to the overall program. Project meetings, reviews,
the requisite post flight assessments of mission results by the customer are all feedback mechanisms
provide obsent®mn, comment and constructive criticism for problem solving and future programmatic
improvements. The NASA approach to teastomer interaction is included in this Handbook to foster a
better understanding of the thinking behind current Program precédane design and development of
the payload through launch and data retrieval, the customer is the essential source of information on
well the NSRP is working.

1.2 NASA Organizational Responsibilities
The NSRP is funded through the Heliophysugsiain of the Science Mission Directorate (SMD).

1.2.1 Program Management

The NSRP at Goddard Space Flight Center (GSFC) falls under the Sounding Rockets Program Office
(SRPO), Code 810, Suborbital and Special Orbital Projects Directorate (SSOPQ), Toel SBRPO and
SSPOD are located at Wallops Flight Facility (WFF) Wallops Island, VA. The program is implemented
under the NASA Sounding Rocket Operations Contract (NSROC) which is administered by the SRPO.
NASA retains overall management of the NSRRIing certain programmatic elements such as mission
selection, funding, international agreements, grant administration, oversight and approval of the groun
flight safety process, and ownership of program assets.

1.2.2 Sounding Rocket Working Group(SRWG)

The SRWG is appointed by the Director of Goddard Space Flight Center to provide counsel and a fort
for exchange of information on sounding rocket systems, operational support, and developments in sc
as they affect the program. The NASA Sognidbcket Project Scientist, GSFC, shiaér Group which
consists of over Ifiembers from the principal scientific disciplines served by sounding rockets. The NA
SRPO reports to this Group in the areas of technical and management support.

1.3 SoundingRocket Program Customer ds Rol e

Once selected for flight participation, the customer becomes a member of the assigned Mission Team
responsible for the preparation of the scientific experiment portion of the payload. Customers assist in
establishingnd conducting the operational program. Customers are responsible for defining the
investigation, providing the necessary scientific instrumentation, completing timely processing and ane
of recovered data, and publishing the results. The custerpedied to participate in a number of

scientific and technical planning functions and formal reviews described later in this document.

1.3.1 Philosophy

~

The customerods role is critical t o t hsppertthec e s

customer and facilitate the best possible scientific return from the mission. Information regarding past

experiences with the reliapibf specific components amed¢hniques is made available. While the assigned
14
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mission support team may recoemd the use or avoidance of certain procedures and practices, final
decisions on the internal details of the scientific instrumentation are normally left to the customer. Eacl
payload is required to successfully complete a series of environmentathiestsastire, test and evaluate
the ability of the scientific instrumentation to survive the flight environment. Determination of the ability
the scientific instrumentation to make the required measurements is normally made by the customer.

1.3.2 Payload and Instrumentation

Equi pment provided as part of the Programds ¢
1.40 Sounding Rocket Project Support Elements. The customer is normally responsible for developing
providing all other scigfic instrumentation and related support equipment. They are also responsible fo
ensuring that it conforms to all required mechanical, thermal, and electrical interface specifications; me
required safety standards; and is capable of surviyangdicted flight environment. Scientific
instrumentation and related support equi pment
associated contractors. To help ensure a safe operation, the customer is required to furnish the data
specifie in Section 7 Safety and Appendik- GSFC/WFF Safety Data Requirements.

1.4 Sounding Rocket Project Support Elements

The NSROC contractor, provides the programmatic, technical, and business management functions
necessary to plan, organize, impleroentrol, track, report, and deliver the goods and services required
for implementation of the NSRP.

The NSROC contractor provides individual mission management for all assigned sounding rocket mis:
this includes all planning and scheduling assowigtiendividual mission requirements. Each mission is
planned to meet science objectives and scheduled to avoid interference with the timely and cost efficie
completion of other ongoing missions. The Mission Database is a programmatic schehigsitorsall

and is maintained on the NSROC server.

At minimum, the Mission Database reflects the planned schedule for the following milestones:
Launch Date

Launch Time

Integration Site/Date

Mission Initiation Conference (MIC)

Requirements Definition MeetifRDM)

Critical Design Review (CDR)

Prelntegration Review (PIR)

Mission Readiness Review (MRR)

Mission Closeut Report (MR)
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The NSROC contractor also provides services and supplies necessary for implementation of the indivi
missions and the ovenadbgram. As such, the contractor designs, fabricates, integrates, and performs
flight qualification testing of suborbital payloads, provides launch vehicles, systems, and associated
hardware, and provides various activities associated with subseqoeanmsk operations. All relevant
information is updated and maintained in the Mission Database.

1.4.1 Program-Provided Support Services

Customers of the Sounding Rocket Program are provided with a variety of support services. The assi
Mission Tears typically responsible for implementation of the mission utilizing their individual efforts au
the extensive support capabilities provided by the Program.

A typical Mission Team is composed of the customer or his representative(s), applicablefsguabrt st
additional team members provided by the support elements at WFF.

Team includes the following positions:

Mission Manager

Customer & Staff

Mechanical Engineer

Electrical Engineer

Instrumentation Engineer

GNC (Guidance, Navigation & Controhdtneer
Performance Analysis Engineer

Mechanical Technician

Electrical Technician

GNC Technician

Launch Vehicle Technician

Flight Safety Representative

Ground Safety Representative

The general categories of effort necessary for implementation of a sim include:
Flight Mission Management

Scientific Instrumentatidtypically provided by the customer)

Payload Analysis, Design, & Development

16
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Launch Vehicle and Payload Support Systems

Payload Fabrication

Payload Assembly/Integration, Testing, & Evaluati

Launch & Flight Support Operations

Post Flight Data Processing and Analysis

Ground & Flight Safety.

The following is a brief description, including organizational responsibility, of the individual support
elements provided by the Program for the tymisalion. A detailed discussion of how sounding rocket
flight projects are conducted with respect to a typical mission is included in Section 2 of this Handbook

1.4.1.1 Flight Mission Management

NSROC management is generally responsible for selecssga Manager (MM) for each mission. The
MM has comprehensive, team leader responsibilities throughout the mission lifecycle and serves as th
central point of contact for the customer. MM responsibilities include:

1.

\‘

Developing an approach (technical, sdeednd cost effective), in conjunction with the assigned
mission team, for meeting the mission requirements defined by the customer. This activity generall
occurs in the period between the MIC and the RDM as described in Section 2 of this Handbook.

. Coodinating and establishing a mutually acceptable date for holding, conducting, and documenting

RDM and all associated mission requirements in the subsequent Requirements Definition Meeting
Memorandum.

Working with the customer and the NSROC Missiom Tealesign, develop, fabricate, integrate, test
and flight quality the payload. The MM is responsible for coordinating, directing, and managing this
effort, as well as establishing and maintaining the project schedule.

Directing and coordinating all Blan Team activities, including formal presentations at Design
Reviews and Mission Readiness Reviews and do
items resulting from these reviews.

Coordinating and directing all field operations includ#pgu@tion of the launch vehicle and

conducting launch operations. The MM is the focal point for all field activities and has final, real tim
go/no-go authority for the mission, including launch vehicle status (concurrence for launch by range
safety, SRP@nd the customer is required). The MM has no authority to override a customer or ran:
safety decision to halt a launch, but may stop a launch when, in his opinion, a condition exists that
jeopardizes the success of the flight.

Assessing the resultstoé taunch to the extent possible and submitting required reports to the SRPC

. Coordinating and directing post flight operations necessary to complete all mission requirements.

17
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1.4.1.2 Payload Analysis, Design, & Development

The following activities aassociated with the analysis, design, and development function and are genet
provided by the NSROC contractor:

Electrical engineering support for payloads, launch vehicles, and associated flight systems includes el
systems (power supplies, eéwemng, wiring harnesses, monitoring subsystems) and instrumentation
systems (telemetry subsystems). Mechanical engineering support for payloads, launch vehicles, and
associated flight systems includes all payload mechanical subsystems (ovechtdsygutexternal

skins, internal structures, bulkheads, component layouts, special mechanisms) and pyrotechnic device
pullers, boltutters and thrusters).

GNC engineering support for payloads and associated flight systems includes all bo®sygtadss)
navigation systems and attitude control systems. Support includes requirement review, auxiliary attituc
sensor selection, implementation of external interfaces to the payload, pneumatic system propellant
selection and thruster locations.

Flight performance analyses include:
Launch vehicle performance and nominal flight trajectory analysis
Flight trajectory dispersion, wicaimpensation parameters, and impact aim point considerations

Launch vehicle static and dynamic stability evaluationiig@adbelastic effects, payload dynamics
analyses, payloademtry trajectory and recovery analyses, ascemtet/ r@erodynamic heating
analyses)

Other suborbital analyses.

These activities are performed during thdlight and posflight analyss for each mission.

1.4.1.3 Launch Vehicle and Payload Support Systems

Launch vehicle and payload support systems are provided by the NSROC contractor and include rock
motors, pyrotechnics, and associated standard flight systems such as ejeatalele, pastoad/vehicle
separation systems, upper stage ignition systems, and thrust termination systems. Activities associate
these systems include their inspection, modification, storage, shipment, assembly, launcher mating, u
rigging, and efronmental control during launch operations. Other standard systems include payload
recovery systems, special aerodynamic decelerators, payload attitude control and stabilization system
launch vehicle boegtiidance systems.

1.4.1.4 Payload Fabricaion

Mechanical and electrical fabrication services are provided by the NSROC contractor. Electrical fabric:
support includes specialized shops for electrical wiring assembly, printed circuit board fabrication, and
electrical instrumentation developmeérhe mechanical fabrication support includes the machine shop,
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welding shop, plastics and composite materials shop, sheet metal shop, and mechanical instrumentati
shop.

1.4.1.5 Payload Assembly/Integration, Testing, & Evaluation

The development ofraission progresses from the fabrication and assembly of flight hardware, through
addition of customeprovided instrumentation and standard support systems, to a fully integrated payloz
The payload then proceeds through the testing and evaluatess prhich involves the entire Mission
Team (engineering personnel, technical support personnel, and the customer who has the technical
knowledge of, and responsibility for, his instrumentation) and the laboratory support personnel who op
the variougacilities involved in the processes. These facilities include payload assembly shops, teleme
ground stations, and environmental testing lab. These processes include physical properties determin
magnetic calibration; and vibration, shock tstaldoads, spideployment, dynamic balancing, and

vacuum testing. All of these services are generally provided to the customer by the NSROC contractol

1.4.1.6 Launch and Flight Support Operations

A critical element of conducting the NASA Sounding RBogram involves performing launch

operations from various locations worldwide. Several of these launch sites are ekisiniguiuth

ranges. Mobile sites can also be established at remote locations which satisfy particular science requil
such as specific observations (solar eclipses, supernova) and operations in specific areas (auroral zon
equatorial zones, Southern Hemisphere).

The following are brief descriptions of the major applicable elements involved in supporting sounding
rocketflight operations:

The SRPO utilizes an agreement with the NAVY at White Sands Missile Range to provide services for
conducting launch operations from that location. The SRPO directs the NAVY to coordinate the provis
of these services from the variaersise provider organizations and to support the specific requirements ¢
each mission.

The SRPO utilizes a contract with the University of Alaska for the maintenance and operation of the P
Flat Research Range. This mechanism provides support foofaenations conducted from this high
latitude location. Additional support for tracking and data acquisition services is provided through the
NASA remote range services contract.

The SRPO also utilizes ing@vernmental and international agreementssaecés the provision of
launch operational support for mobile campaigels as from the Marshall Islands and PuertodRido;
from established foreign ranges such as Esrange, Sweden and Andoya, Norway.

The Range and Mission Management Office (RMMQ &40 is responsible for planning and directing
the support necessary to meet the objectives of projects conducted on the WFF range and mobile
campaigns. The implementation of mobile campaigns for sounding rockets involves the support of sev
organizaonal elements withirB80OD. Additional support may also be provided by the AETD.
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The RMMO schedules and directs flightaettities, provides test data packages to users, and coordinate
range operations with various outside organizations fatiopg conducted from WFF and mobile
campaigns. When conducting a mobile operation of sufficient magnitude, a "Campaign Manager" is us
assigned. This individual has overall responsibility for managing the campaign (which usually involves
several sepate sounding rocket flight missions) including interfacing with foreign government
organizations, establishing the required launch support facilities, and coordinating launch operations.

The range from which the operations are being conducted providegkus, launchers, blockhouse
systems, controls, and consoles. Mechanical and electrical/electronic ground support equipment; fligk
support instrumentation such as search, tracking, and instrumentation radars; telemetry receiving and
recording st&ons; television and photographic tracking cameras; special purpesptabtequipment;
surveillance and recovery operations aircraft; and facilities for payload preparation and check out are
provided as part of the range services.

The NSROC contraar is generally responsible for conducting actual launch operations as well as all
functions relating to the preparation of the launch vehicle and payload leading up to that event.

1.4.1.7 PostFlight Data Processing and Analysis

The NSROC contractor iemerally responsible for providing post flight processing and analysis of raw
scientific data recovered from sounding rocket missions. This data is provided to the customer in the
format specified at the RDM. Section 9 has additional information apledaita processing and analysis
support and procedures for obtaining that support.

1.4.1.8 Ground and Flight Safety

All work performed in support of the Sounding Rocket Program (SRP) is done in conformance with all
WFF, GSFC, NASA, and other governmegtlations, requirements, and statutes. Ground and flight
safety data requirements for sounding rocket vehicles and payloads are contained in the Range Safet
Manual for Goddard Space Flight Center (GSFC)/Wallops Flight Facility (WFFRJOREMT his anual
contains specific design requirements for flight systems and describes data that must be supplied to tt
Wallops Flight Facility Safety Office (Code 803) to obtain NASA safety approval for launch systems.
Institutional safety requirements are coathin NPG 8715.3, NASA Safety Manual. The NSROC
contractor is responsible for meeting these requirements as well as any additional safety requirements
other domestic or foreign ranges utilized during implementation of the SRP. Further, the NSROC
contactor is responsible for maintaining awareness of all changes and modifications to statutes, regul:
and procedures impacting ground and flight safety.

The NASA Safety Office is responsible for oversight and approval of all ground and fligiacesetg p

As such, the NASA Safety Office provides all necessary Safety Plans based on the data and analyses
provided by the NSROC contractor. The NSROC contractor is contractually required to provide all dat:
analysis, and information necessary forebe@pment of these, and any other, required plans. The NASA
Safety Office plans and coordinates safety aspects of launch operations, establishes range clearance
range safety limitations, and reviews and approves hazardous assembly and padipred¢siR@€.
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contractor is responsible for implementing all of the requirements of the Ground and Flight Safety Plar
NSROGsupported missions.

For hazardous operations (other than pad operations), the NSROC contractor is responsible for:

Providing Opettgonal Safety Specialist(s) whose primary responsibility is safety oversight. This person
persons interfaces directly with the NASA Safety Office oversight authority in reseiviregsaiaity
concerns.

Implementing all general operation (craneatps, forklift operation, etc.), personnel safety (explosives
and ordnance, pressure vessels and systems, chemical, radiation, etc.) and facilities (equipment calib
maintenance of safety devices, access control) requirements.

A detailed discussiof sounding rocket safety considerations and policies is provided in Section 7 of thi
Handbook; additional NSRP support capabilities are addressed in Section 2.
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SECTION 2: The Sounding Rocket Mission Lifecycle

This Section describes the process NASA uses in conducting a sounding rocket flight project (mission
using the management and support elements at Goddard Space Flight Center's Wallops Flight Facility
(WFF) discussed in Section 1.4.

The various phases andestone reviews of a typical mission are outlined in the sections below and
summarized in Figurel?

2.1 The Mission Initiation Conference (MIC)

Flight projects must be approved by the appropriate science discipline chief at NASA Headquarters. C
this approval has been obtained, the customer will be contacted by the SRPO to establish a mutually
acceptable date for a MIC between the customer and WFF personnel. The purpose of this first meetir
the mission lifecycle is for the customer to presehC Data Package which details requirements and
specifies the support necessary for the mission. An outline of the information required in the MIC Date
Package is provided in Appendix B.

The MIC is chaired and documented by the SRPO. Attendeestheligds#tomer, appropriate WFF
supervisory and engineering personnel, NSROC supervisory, engineering, and technical personnel, a:
the assigned payload team. A-eaitlucted and documented MIC will result in a strong foundation on
which to begin # mission. The MIC provides the basis from which all requirements for the mission are
established. These include:

2.1.1 Project Schedule

The customer should be prepared to answer specific and detailed questions regarding the scheduling
major missiomilestones such as launch window date and time.
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Figure 2-1. Typical Sounding Rocket Mission Life Cycl

2.1.2 Mechanical Devices

and Structural Elements

The requirements for mechanical work will be discussed in as muahk pessible. Mechanical items of
interest include deployable nose cones (standard or special), doors (access, deployable or retractable
extendible booms, antennas, sensors, and any unique structural items or payload skin requirements.

temperaturarhitation, vacuum requirements, or mechanical devices/systems (despin, air, land and wat

recovery) should also be discussed.

2.1.3 Flight Performance

All payload flight trajectory/timeline requirements such as apogee, altitudeglmweakitude shold be
reviewed and requirements for payload dynamics (spin rate and/or coning limits) included. Some pay!
designs involve long, flexible booms while others involve tethers-paglsatls; dynamics requirements

for this type of payload should be presd.

The best estimate of payload weight should be determined for the MIC, being careful not to eliminate «
significant payload components. The flight performance characteristics of NASA sounding rocket laun

vehicles are preged in Section 3 aWgppendix E
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2.1.4 Instrumentation

Experiment data requirements should be available at the MIC in sufficient detail to allow definition of tf
telemetry system for the payload. Experiment programming requirerdeodsddimers, uplink

commands, ompecial monitoring) should be discussed. A detailed description of staimdareintaion
systems is included in Section 5 of this Handbook.

2.1.5 Attitude Control

Attitude knowledge, control and stabilization of space science payloads are ke eemgistsence
experiments. Attitude system requirements should be fully discussed to determine the type of Attitude
Control System (ACS) required. The nature of celestial targets should be defined and any attitude mar
sequences employed. Pointoaueacy and stability (jitter) should be specified. Known payload launch
constraints are presented at the MIC. The types and capabilities of sounding rocket attitude control sy
are presented in Section 5.

2.1.6 Navigation

Requirements frequentlylute detailed definitive knowledge of space/time during flight. Applicable
requirements should be addressed in the MIC.

2.1.7 Data Reduction

The customer can obtain assistance in data processing and analysis from WFF. Specific data reducti

requirementshould be discussed at the MIC. A description of WFF capabilities for data processing an
analysis, and guidance on requesting support, is provided in Section 9.

2.1.8 Testing

SRP testing policies are detailed in Section 7. In general, all thigtis payst be tested in accordance
with the testing specifications. Any special testing concerns or requirements should be discussed at t
MIC.

2.1.9 Foreign Nationals

Sounding Rockets are considered Significant Military Equipment (SME) and are listed on the ITAR US
Munitions List (USML). If foreign nationals are involved with experiment design and testing or field
operations, the MM must be notified at the MIC in dodailow enough time to process paperwork
required for a Technical Assistance Agreement (TAA). This allows NSROC personnel to interact direc
with nonUS citizens to work design issues, conduct payload integration and complete field operations.
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2.2 Requirements Definition Phase

Following the MIC, the NSROC payload team works with the experiment team to develop a mission de
concept based on requirements provided at the MIC. The goal is to complete this phase in 45 days bt
complex missits, much more collaboration with the experiment team may be required before a reason:
mission concept is designed. For a complex mission this phase may involve significant preliminary de
effort in order to verify that requirementscanbe met. dfui r e ment s candt be me
and time, modifications may have to be made.

2.3 The Requirements Definition Meeting (RDM)

Initiated by the NSROC contractor, the RDM includes representatives from NASA and the customer.
information neessary to define and demonstrate the feasibility of the mission and how the mission
requirements can be achieved will bepted by the NSROC payload te@dhe experiment team attends
the meeting to verify the mission requirements have been undedta@dming met.

A Requirements Definition Meeting Memorandum (RDMM) is documented by the NSROC contractor &
provided to NASA within 5 days of the RDM. I
mission technical requirements, the apptoagdtisfying those requirements, schedule, and cost
information.

2.4 Design Phase

After the RDM the NSROC payload team typically holds regularly scheduled meetings with the experir
team in order to finalize and document all payload design detetilaniééé¢ and electrical interface
requirements are finalized. Detailed mechanical prints and electrical schematics are created as well a
mission timeline. If attitude control is required a detailed control plan is devised. A test plan that will
gualfy the complete payload for flight operations is created. Many times new designs are proven out t
building and testing ndiight hardware. Once this process is complete the Design Review is held.

2.5 Design Review (DR)

The objective of the DR is forelpayload team to present a comprehensive description of all aspects of
payload design to maximize potential for mission success.

The MM, in conjunction with the Pl, schedul es
preparedness.

The NSROGQoontractor establishes a Design Review Panel to review all aspects of the mission, vehicle
design, test plan, and integration activities. The Panel consists of NSROC personnel who are not dire
involved with the mission but who have establishedisgpeithe areas of technical support required for
mission success. These include: Flight Performance, Mechanical Systems, Electrical Systems,
Instrumentation Systems, Guidance, Navigation and Control Systems, Recovery Systems, Launch Ve
Systems,ma Ground and Flight Safety (NASA personnel).

25



810-HB-SRP

During the DR, the Mission Team formally and systematically presents all information necessary to
demonstrate that the proposed design and mission approach can meet all mission and safety requiren
The custmer should be prepared to discuss all details of the scientific instrument design and interface
the support systems.

The PI Data Package template for a Design Review can be found in Appendix

After completion of the meeting, the panel reconvertksduss the results, and formulate and document
action items that are provided to the MM for disposition. The Review Panel Chairman generates a De
Review Memorandum (DRM) which summarizes the meeting and documents all assigned action items
DRM documents that the DR package and presentation demonstrated the proposed design and missic
approach is capable of meeting the mission success criteria once action items are addressed.

The MM is responsible for directing the Mission Team in respondiRgaictibn items. This effort is
formally documented with a memorandum to the Design Review Panel Chairman.

The panel reviews all responses and either concurs or asks for additional information and clarification.
Once all responses are deemed acceptapledthss is officially closed out with a memo from the Panel
Chairman to SRPO. At this point fabrication can begin. Although, some standard parts and systems,
those that didndt generate acti ons atelyaftehtke De s
meeting; or, in some cases, even earlier.

2.6 Payload Fabrication and Prdntegration Testing Phase

Payloads are assembled with a mix of custom fabricated mechanical and electrical parts and assembili
the NSROC shops, as well as etyaof purchased parts and assemblies. Mechanical hardware is
assembled and-tihecked prior to integration with scientific instrumentation provided by the customer.
Electrical and telemetry instrumentation wiring and components are assembled pndrteste

integration with the customer's electrical/data systems to facilitate a smootfireeoumbdgration effort.
Special prntegration design qualification tests are often performed fezpamation/ejection/

deployment mechanisms, vacumars, and other devices. These special tests are in addition to the tota
payload posntegration testing that must be successfully completed before flight.

All NSROC provided subystems such as telemetry, recovery, ACS, and motor ignition systems are
connected together to make sure they are all functioning properly prior to being connected to experime
systems.
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Figure 2.6.1The Labelle payload, 40.025 UE, Figure 2.62 Payload integration in one of three ground
during testing at Wallops, launched on Feb 15, stations at Wallops.
2010 from Poker Flat, Alaska.

Integration and testing of new payloads (except as described below) is usually conducted at WFF. Gel
information concerning the integration and testing laboratories at M#derged in Section 10; Section 6
describes specific testing policies. Integration and testing of SPARCS payloads are performed at WSN
these systems require special equipment that is resident only at that location. Section 6 provides a
description ofhe facilities available for SPARCS payloads at WSMR

2.7 PreIntegration Review (PIR)

A PIR by the project team (Mission Manager, subsystem disciplines and science) occurs prior to paylc
Integration and Test. The purpose of this meeting isto &seessMi s si on Teamds r ec¢
payload integration activities prior to authorizing travel by the customer or their staff. This serves to in:
that the customer is not inconvenienced in having to wait while WFF personnel complete preparation
actvities for support systems necessary for payload integration and vice versa.

2.8 Integration and Testing (I&T) Phase

I&T is comprised of payload integration, acceptance testing, and final checkout. When the final checkc
indicates that all the subsysteperate as planned and are mutually compatible, the payload can be ship
to the launch site with confidence that only minor adjustments or calibrations will be necessary in the f

I&T (except as described below) is conducted at WFF. Generaltiafocmacerning the integration and
testing laboratories at WFF is presented in Section 10; Section 6 describes specific testing policies. |
SPARCS payloads is performed at WSMR as these systems require special equipment that is residen
tha location. Also, integration of many previously flown White Sands missions is performed at White
Sands. Section 6 provides a description of the test facilities available at WSMR.
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2.8.1 Payload Integration

Payload Integration is the fitishe assemblyf all the NSROC provided parts and pieces with experiment
hardware into the launch configuration. All aspects of the design and operation are checked including
mechanical fit and operation, telemetry and electrical systems operation, and systerity catngatibi
testing sequence tests are performed to insure th®gratmming system functions properly.

Figure 2.6.3 Payload 36.257 Green prepared for a-fgsting sequence test.
The mission was launched on January 28, 2011 from Alaska.

2.8.2 Acceptance Testing

After successfully passing the payload integration checks, the assembled payload is taken to the Test
Evaluation (T & E) Laboratory where it is subjected to acceptance tests such as vibration, bend, and
operational spin as well as sr@®perty measurements. Acceptance tests simulate some of the conditiol
the payload is likely to encounter in flight. Payloaslystdms that are required to operate in flight are
functional during the acceptance tests. Every system must demoesthalieytto survive flight

conditions through completion of its intended function.

When special conditions or circumstances occur which warrant an exception to standard testing policit
customer may submit a written request for waiver to the MMealum for the request, possible results if
failure should occur during flight, and any other pertinent details should be stated in this request. Althc
waivers are infrequently required, they may be granted by NSROC management after consultation wit
involved parties.

2.8.3 Final Checkout

After the payload has completed acceptance testing, it receives the final checkout which is essentially
duplicate of the payload integration checks described earlier. This process looks fowddfewsship

or other anomalies that may have been revealed as a result of the acceptance testing process

2.9 Mission Readiness Review (MRR)

The MRR is a formal review to determine if the mission is ready to proceed with launch operations witl
high probaility of meeting mission success criteria. It generally takes place at WFF prior to hardware
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shipment to the field but can take place in WSMR after shipping and travel in the case of a mission the
performs I&T at WSMR.

The MRR generally follows the sdrasic process as the DR but instead of focusing on design the focus
on results of the | & T process. A Mission Readiness Review Panel, composed of a Chairman and ott
technically qualified personnel not directly involved with the flight pr@stabished by NSROC
Management. Information presented at the MRR must demonstrate that all environmental testing and
gualifications have been successfully completed, all required GSE and range support assets and servi
have been identified archeduled, and that arrangements for the provision of all required GSE and rang
support assets and services have been completed. Problems encountered during integration and test
including the adequacy of any modifications or repairs are reviearaakatilori regarding procedures,
similar to that presented at the DR, is provided; and a final FRP, which includes the detailed field oper
plan and schedule, is included in the MRR documentation. The mission schedule is updated and any
changes in theesign, test plan, procedures, or mission approach that have occurred since the DR are f
documented and justified.

The customer should be prepared to discuss all aspects of experiment hardware status, test results, a
mission success criteria. AJRta Package is required; format and content of this data package are
provided in Appendi®.

Should Action items result from the MRR process, it is highly desirable that they be dispositioned prior to
shipping payload hardware or travel of the Missam Tethe field (except in the case of I&T performed at
WSMR). NASA, NSROC, and customer representatives may attend the MRR and assign action items as
necessary. One major difference between the DR and MRR action items is that if the MRR actioatitems ar
addressed to NASAG6s satisfaction, NASA has the
met. As a final go/no go checkpoint, the SRPO issues written authorization to the NSROC contractor to
proceed with launch operations afteythre satisfied the requirement in question has been met.

2.10 Flight Readiness Review (FRR)

The FRR takes place once the paytosidged on the rail, umbikcate rigged, environmental boxes are
built, and flight preparations are complete. The N§R@Gad team, experiment team, and NSROC
management meet to verify all MRR actions are closed, review any issues that have come up since th
and generally verify that the mission is ready to launch. Upon successful completion of the meeting,
NSROCmanagement sends a letter to SRPO stating that the mission is ready for launch. As a final gc
go checkpoint, the SRPO issues written authorization to the NSROC contractor to proceed with launct
operations after they are satisfied all requirementsdesvmet.

2.11 Launch Operations Phase

Sounding rocket launch operations are conducted from various launch sites worldwide. These vary frc
wellestablished launch ranges to barren temporary facilities outfitted with mobile equipment. A detaile
discussin of launch operations at various domestic, foreign, and mobile launch sites is included in Sec
and Appendix. Section 10 has information regarding the range at WFF.
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The Mission Manager is responsible for coordinating all launch support reguietmean the range and
experiment team to ensure successful data collection. If required, recovery operations are arranged.

Immediately following a launch, the MM is responsible for providing a preliminary assessment of the re
The customer shousssess the science results and report the overall status to the MM as soon as poss
In some cases, the payload must be recovered and returned for analyses before final science results t
determined. In the case of a flight failure, all recdvarédare is impounded by the NSROC contractor
for inspection by cognizant personnel in a failure investigation.

Most established launch ranges conduct dligbstmeeting to review mission results. This conference
gives the customer an opportunity tovte compliments or complaints concerning the field services
provided; the input provides a Ol essons | earn
improvements.

2.12 Mission Closeout Phase

A sounding rocket mission is not considered coenyiéit all data requirements and-iagit reporting
requirements have been satisfied. The custom
Any changes that occur in these requirements during the progress of the mission should teeldocumen
the DRM or MRRM. The MM is responsible for insuring that all data requirements are satisfied. Spec
data processing and/or analysis support can be made available. A discussion of available data proce:
and analysis capabilities is providé&gction 9.

The customer is requested to provide a written response indicating the level of success or failure of th
mission and any recommendations for improvements that the customer may suggest as soon as the fl
data has been reviewed. NASA offyccdassifies the mission as a success or failure based on this input.

NASA sounding rockets have maintained a successcegeling 90 percent in the previous 20 yAars
successful flight is defined as one that meets the minimum success critetlze Mihienum success

criteria for any given flight are not met, the flight is officially considered a failure. All sounding rocket fl
failures are formally investigated to identify the cause(s) of the failure so that appropriate corrective ac
can be taken. If the failure is caused by a problem with scientific instrumentation or associated hardws
provided by the customer, the customer is responsible for determining the cause(s) and taking correct
action(s) prior to rlight. Technical assance and consultation can be provided to the customer as
necessary. Upon completion of the failure investigation, the customer is requested to provide the findi
conclusions, and corrective action(s) to NASA through the Chief, SRPO.

The NSROC con#ctor is responsible for identifying anomalies, failures, and systemic problems with flig
vehicle systems, payload systems, GSE, and analytical methods they employ in support of the NSRP.
direct and contributing causes of anomalies, failuresstamilicyroblems are investigated, resolved, and
fully documented with corrective action being identified and implemented in a timely manner. NASA
reserves the right to observe and/or participate in contssati@d anomaly and failure investigations and
to conduct independent investigations.

An AIB is composed of individuals selected for their expertise in areas related to the failure. The custc

(or his representative) may be requested to serve on an AIB. The team will, in some cases, isgue preli
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findings and recommendations regarding pending missions that may be affected by similar problems.
Launch operations for these missions may be postponed until a resolution of the problem has been
achieved. A formal, final investigation report is issusabn as possible following completion of the
investigation.

In some cases, problems occur during flight with payloagstains that result in abnormal payload
operations but do not result in a mission failure. Likewise, the launch vehicle tahrehilail

performance characteristics, but still provide an adequate flight trajectory for satisfying the minimum
requirements for scientific success. In these cases, the overall mission is termed a success, and the &
occurrences are consideretligiht anomalies. light anomalies that lead to a mission failure are always
considered major occurrences that require formal investigation. For major anomalies (generally those
which, should they recur, have the potential to jeopardize the suittess wissions), an Anomaly
Investigation Board is appointed.

The Mission Closeout Report (MCR) is the final official document in the mission lifecycle. It fully
documents the missionds success or rmanceotall b an
systems and comparison to-flight predictions. Once NSROC submits this document to SRPO the
mission is complete.
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SECTION 3: Sounding Rocket Launch Vehicles and Performance
Capabilities

A family of standard sounding rocket launciche=his available in the NASA Sounding Rocket Program
for use in conducting suborbital space science, upper atmosphere, and other special applications rese
Some of the vehicles are commercially available; others have been developed by NAS4 fosektius
NASA programs. These vehicles are capable of accommodating a wide variety of payload configuratic
and providing an extensive performance envelope.

3.1 NASA Mission Designation System

NASA sounding rocket launch vehicles are identifiedbytzering system. The first two digits of the

flight mission number identify the type of launch vehicle used. The remaining three digits indicate the
mission number for that particular launch vehicle type. The first and second letters following the digits
identify the type of organization sponsoring the mission and the scientific discipline of the experiment,
respectively. Table 3l1ists the specific vehicle numbering system as well as the agency and experimer
type. Table 3:1 also has an example Rligission Numbeto demonstrate the mission labeling

convention

3.2 NASA Sounding Rockets

There are seveigberational support launch vehicles in the NASA Sounding Rocket Program. All NASA
sounding rocket launch vehicles use solid propellant propygEmsarranged in single to midtage
configurations (up to 4 stagdsSjtensive se is made of military surplus motors in several of the vehicle
configurationsAll vehicles are unguidextept those which use th&@dBoost Guidance Systétypicaly

at White Sands Missile Range oblyjing flight, all launch vehicles are imparted with a spinning motion t
reduce potential dispersion of the flight trajectayauehicle misalignments. The spinning motion is
created by angling the finsataslighc ant angl e relative to the vel
thesevehicle and their NASA designati@re presented indtire 3.21.

3.2.1 Performance Characteristics

Performance characteristics for apogee altitude and weight capabitityt éintkfabove 100 kilometers
for NASA sounding rocket vehicles are included in Figurd 3Thik data is presented for a sea level
launch using a launch elevation angle of 85 degrees. Apdsasloetailed descriptions and flight
performance characistics for these vehicles.

32



810-HB-SRP

FEET

65

40
—>55

8 &
__________________________________

w
o~ 5 o =4 v o

V-IIX INV¥E XOV18

<x]

SN e

V-IX INV¥8 XOV18

XI INVY¥8 XDOV18

ALNWITYW GIAOAJWI ¥31¥¥3L

s N | & X

i

NORIO QIAO¥JWI ¥31¥¥3L

Wik 1

NOI¥O GIAOAIWI Q
< 1T &

NN

A INVY¥E IOV

= e

METERS
20—
15—

10—

l

90206 F2¥ C ANC 2014

52

51

41

30

NASA
VEHICLE
NUMBER

Figure 3.21 NASA Sounding Rocket Launch Vehicles

33



Apogee Altitude (km)

810-HB-SRP

Sounding Rocket Vehicle Performance
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Table 3.21 Sounding Rocket AgencyVehicle and Experiment Identification

NASA Vehicle Numbers:

(12) Special /Development Test Vehicles
(21) Black Brant (Single Stage)

(30) Improved OriofSingle Stage)

(35) Black Brant KrerrierBlack BraniNihka)
(36) BlaciBrant IX (TerrieiBlack Brarjt

(41) Terriedmproved Orion

(46) Terrietmproved Malemute

(51)Black Brant XA (TalosTerrierBlack Brant]
(52)Black Brant XHA (TalosTerrierBlack
BrantNihka)

Agency

A - Government Agency other than D or N
C - Industrial Corporation

D - Departmat of Defense

G - Goddard Space Flight CenfeSFC)

| - International

N - Other NASA Centers

U - College or University

Type of Experiment
E - Geospace Sciences
G - UV/Optical Astrophysics
H - High Energy Astrophysics
L - Solar System Exploration
M - Microgravity Research
O - Student Outreach
P - Special Projects
S- Solar and Heliospheric Sciences
T - Test and Support

Example of Mission Number:.685UE
36 .035 U E
Black Brant IX 35" Assigned College or Geospace Scieng
Mission University

35



810-HB-SRP

3.3 Boost Guidance System (BGS)

The $S19L is a navigation, guidance, and control system designed to reduce the impact dispersion of rc
launched from the smaller ranges such as White Sands Missile RapgtenT leedesigned and

maintained by RUAG Aerospace of Sweden (formerly SAAB Ericsson Space), and it is considered a s
critical component of any sounding rocket mission that uses it. Missions that land in the ocean from th
larger missile ranges sashWVallops Flight Facility or Andoya Missile Range typically do not use a boost
guidance system.

The S19L is composed of a strdpwn LN-200 IMU, a flight computer with GNC software, and 4 canards
actuated by 2 electric servo motors assisted by hgreigess from a pneumatic system. Each servo turns
a shaft connected to a pair of candrde system has no active roll control since it operates while the
rocket is spinning at ~ 4Hz.

Just before launch, the navigation algorithm performsaypassintp initialize the attitude solution
without requiring external informatidime guidance systendesigned toegulag the pitch & yaw angles
to their initial valuef@lding thdauncher attitude). The autopdonhvertghe guidance commands in the
nontrolling frame into canard deflection commands in the rolling frame.

After 18 seconds of contrplyrotechnics are activategtysically decouplee canardsom the control
systemso thatthey aef f e ct i-fvieolayt ionfgr eeen t h eapable aéx@rngang d no |
aerodynamic moment on the rocket. The rocket becomes unguided at this point and remains essential
unguided until impact

Figure 3.3.1 Innards of an earlier version of thel%.
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3.3.1 Background & Capabilities

The$S19 started out in the 19708s as an anal og s
guidance law still in use today. It was upgraded in 1888rpmateaccelerometers adgjitalgyrosin a

system callddMARS (digitalattitude reference system). This new system, dubbed1Be ) used a

di fferent gui dnerfiatirapact mointgliP)guidadcé Weidc o ai med t he |
window in space and extended the control time beyond 18 sec to therergjoieeaic portion of the

flight (~50 sec). Although a technically superior soltdioge safety considerations and lack of an
automated flight termination system at White Sands Missile Range preclude its use in the IIP mode. A
White Sands, the BEI®wasrestricted to the basi€l9 launch rail attitude hold guidance mode, and in this
configuration itvasdesignated theI®D.In 2006, the IMU was upgraded once more to thaQN and

this system has flown as thE9% ever since.

The $S19L has a-8igna impact dispersion of 7.5% of the apogee for both-dowge and crosange.

This means that for a flight to 300 km altitude,"trsté®)e rocket and payload sections can be expected to
land within 22.5 km of the nominal impact point. This is an impeov@ver unguided rockets by a factor
of 510.

RUAG is working on a new version called th8ESwhich reduces complexity by removing the pneumatic
system entirely in favor of all electric servos. This system is slated to be tested at White Sands in 201¢
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Section 4: Sounding Rocket Payload Design Considerations

The sounding rocket payload must achieve the scientific objectives of the customer while functioning v
the mechanical, electrical and environmental parameters of a sounding rockeniGotisedrrancipal
Investigator (PI) and his support staff must work closely with the NSROC mission team to ensure that
mechanical and electrical design elements are fully integrated and proper interfaces between all paylo
subsystems established.

4.1 Payload Design

Sounding rocket payloads are designed to accommodate extremely diverse scientific objectives. As a
individual payloads vary greatly in design characteristics and requirements. However, most payloads
generally consist of the follmg subsystems that require coordination in the design phase:

Scientific Instrumentation
Mechani cal Syst ems
El ectrical Syst ems

Event Timing/ Programming
Pyrotechnic Devices

Tel emetry Systems
Attitude Control System

Recovery System

o o Po To Do o Do I» Do

Boost Guidance Systems

The payload may also include sustainer ignition, separatiorsgindsgstems. In general, however, these
functions are provided by standard modules that are designed to interface with a variety of standard
sounding rocket laah vehicles.

Sounding rocket payloads must endure a relatively hostile flight environment during the rocket boost p
of flight. NASA has extensive experience in the flight environment and other factors which influence
effective payload design. ThigiBeadescribes many factors to be considered in payload design and
construction to help ensure a reliable, safe, productive, and cost effective payload.

A well designed piece of equipment will pay dividends throughout its lifetime in reliable opezagen an
of servicing and handling. However, the Pl will normally have to make some tradeoffs in equipment de
since many of the design factors are interdependent. It is axiomatic thqraviigidesign is likely to be
more quickly available and maiable than a new design. Always make sure there is no existing design
that is adequabeeforea new design is undertaken with its inherent burdens of design qualification testin
debugging, and possible modifications.
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4.2 Flight Performance

The environment for rocket payloads may prove hostile to the proper mechanical, electrical, and
aerodynamic functioning of the payload. The controlled environment for payloads on earth abruptly
changes at launch. Great variations in temperature, acogksratspheric pressure, vibration and other
extreme conditions are encountered. The specific flight environment for any given flight demands
consideration in the design and construction of successful payloads.

4.2.1 Mechanical Loads and Vibration

Thelongitudinal and lateral loads imparted due to rocket motor thrust, aerodynamics, winds, spin rates
abrupt changes in spin rate due teple devices are major design considerations. Longitudinal accelerati
levels depend on the specific type ofclawehicle used. Unguided sounding rocket launch vehicles fly wit
a spinning motion to reduce the flight trajectory dispersion due to misalignments. Most vehicles do not
exceedq cycles per second (cps). The effects ofrghined loads should be cdesed when

components are mounted off of the sgptis. Load factors exceeding 30 g's can be experienced by
components mounted near the payload external skin for large diameter designs. Most electronic devic
utilize relatively small, lightweight ciroaédrds and components. When soldering is properly performed,
and a conformal coating applied, problems caused by mechanical loads are very infrequent.

Another major flight environment factor is the vibration induced by rocket motor burning and aerodyna
loading. The vibration environment depends on the type of launch vehicle and the mass and structural
characteristics of the overall payload. Vibration testing is one of the key elements involved in qualifyin
payload for flight; all payloads must dag# ficceptance vibration tests.

Vibration test specifications are a function of the type of launch vehicle used. Vibration transmission
problems and generally thin sections can create excessive motion of sensitive electronic parts. Compc
supportedy their leads are vulnerable to failure from vibration. Close spacing of components to each ¢
or mechanical structures require rigid attachments to prevent abrasion and subsequent shorting. A det
description of vibration testing policies andispeoons is included in Section 6.

4.2.2 Thermal Considerations

Typically, sounding rocket launch vehicles reach very high speeds traveling through the earth's atmos
Surface heating at hypersonic speeds is significant due to the frictionredaohiteelying through the

air mass; atmospheric heating is encountered when a pagtdexs e atmosphere from space. Even
though payload exterior skin surfaces experience relatively high temperature rises due to ascent aeroc
heating, the teperature of internal components does not vary greatly over the course of a typical flight.
This factor depends primarily on where and how components are mounted relative to the payload skin
Heating of electronic components due to operation over longetimds (during preflight chealt) can

be more severe. While the payload temperature may remain fairly constant during flight, hot spots witr
the equipment may develop if the vacuum of high altitudes impedes the heat flow from components.
Specially deged heat paths may be required to ensure overheating does not occur. Specific heating
analyses can be performed as a part of the overall mission analysis for any given mission; design pers
WFF have accumulated significant historical data thewpghence and actual measurements of the
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thermal environment encountered during sounding rocket flights. If a particular component is sensitive
elevated temperatures, it may have to be insulated or isolated from heat sources.

4.2.3 Vacuum and OutGassng

When rocket payloads rapidly ascend in the atmosphere during launch, ambient atmospheric pressure
quickly to essentially zero. Payloads are generally designed to vent internal air. Barometric switches a
utilized for switching functions payload electrical subsystems. Some types of payload components may
not tolerate low atmospheric pressures; if the experiment must be subjected to vacuum, be aware of g
vacuum design practices. Avoid contamination crevices and lubrication probleasvités can
withstand vacuum, but vacuum plus elevated temperature is much more difficult to survive.

The most common undesirable effects of vacuum are reduced heat transmission and corona; both are
relatively easy to overcome if they are recognipedeather design consideration which can degrade
data is ougassing. Check materials used for lacings, insulation and tapes. WFF can advise on suitable
materials and techniques to minimizegassing.

In many cases, portions of payloads require tiealyesealed joints or doors to maintain sealed conditions
either under pressure or vacuum. WFF has designed and developed numerous types of hardware for -
purposes.

4.2.4 Aerodynamic Design Factors

A design that involves any protuberance oigeharthe rocket skin shape should be evaluated for
aerodynamic heating, drag, or stability problems that may result from these changes. A major element
overall mission analysis is the evaluation of launch vehicle stability (both static and dgrzayioadrh
configuration and structural bending characteristics must be adequate for acceptable flight parameters
satisfied. Flight worthiness should be established during the initial design process; final mission analys
results are presented atMission Readiness Review.

4.3 Other Payload Design Considerations

Other factors which influence successful design practice include:

4.3.1 Accessibility

Accessibility is frequently overlooked. Reset devices, battery packs, lens covers, fillimg,camthectio
cable connections should be located to facilitate replacement or removal.

4.3.2 Availability of Parts

Ifrequiredparts are not oin stock,déd procurement del
Neverbase a design on a part listeal $stock catalog or stock l@tvay€nsure the parts you require are
available. Long lediche items and sufficient spares should be identified and ordered early in the desigr
processes. Avoid designs based on parts that are inaccessible oryestdimited replacement

options.
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4.3.3 Dynamic Balance

Designing a balanced payload may save balancing weights. A favorable center of gravity location can
increase rocket stability and provide an acceptaieyrd®ody for recovery considerations.

434 Cost

The cost of each item should be examined (parts machined from solid stock versus formed, welded, o
Excessively close tolerances on dimensions should be avoided. Let experience and judgment be the ¢
purchasing electronic componealiough, reliability may not go hamtiand with cost, "bargain

basement" parts should be avoided.

4.3.5 Redundancy

Redundancy is most desirable; although it is not usually as easy to attain in mechanical equipment as
electrical circuitry, it shouldvays be considered. Redundancy may often be obtained by separate batte
packs, multiple means for tun or turnoff, and other techniques.

4.3.6 Weight

Depending on the capability of the vehicle and altitude requirements, weight may be a yeopkarious
Determine as early as possible if there is a weight problem so measures can be taken to minimize it.
Performance capabilities of NASA sounding rockets are covered in Section 3 andEAppendix

4.3.7 Testing

Make the experiment cost effectiveeffidient to test, calibrate, and debug by providing adjustments, test
connections, and supports. Test points in electronic circuits should be standard practice. Each exper
or detector should have some means of verifying proper operation onridgrgreal time. For instance,
high voltage detectors that cannot be operated on the ground should have some type of auxiliary test
that can be used to verify proper operation.
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SECTION 5: Payload Systems

Payload systems support the experimasgidad by providing for telemetry data acquisition, tracking,
power, timing, protection, mechanical configuration, stability, and recovery. The effective design and
integration of payload systems is one of the most important challengiescessful ssion. Figure bis

an example of a complex payload sydteing integratiarDesigned for Bartmouth Colleg&pace and
Plasma Physics experiment, this payload features an attitude contrekesgstdsispayloadsvhich

deploy during flight, and daransmission features. Payload system capabilities are extremely important
the success of the overall mission.

Figure 5.1040.023 UE Lynch payload during integration.

5.1 Telemetry Systems

Telemetry is the primary means of obtaining data from sounding rockets. The instrumentation system
provided to the Principal Investigator (PIl) depends upon the complexity of the experiment, the
configuration of the detectors, and the size of the rdok&bme cases, a separate instrumentation packag
is best; in other cases, the instrumentation and detectors are fully integrated in the same housing(s). |
either case, the instrumentation provides a means of formatting and transmitting the gtientific an
housekeeping data, provides control signals to the experiment, provides timing, and provides power if
desired. Systems vary in complexity from a single link with no command or trajectory equipment to sy
containing as many as eight déimks, commad, and trajectory hardware. Almost all systems operate
with SBand(2200 to 2395 MH-ownlinks. Systems incorporating command uplinks use 437.5 MHz for
the uplink frequency.
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5.1.1 Data Transmission Systems

Digital telemetry techniques are the pregimimethods of transmitting data from a sounding rocket to
the ground station in the NASA Sounding Rocket Program. RandomizRdtNonto Zero (RNRZ) or
Bi-phase (BF L) Pulse Code Modulation/Frequency Modulation (PCM/FM) is the basic system employe
NSROC is now capable of supporting SOQPSK, whilcllow for data rates above 20 Mbiste:

Since 2000, no FM/FM or hybrid (PCM + VCO) data system has been flown.

5.1.2 PCM/FM Systems

Three different types of PCM telemetry systems are cursedtfpluNASA sounding rocket payload data
requirementshe WFF 93 Systethe MV, and the MesquitoTable 5.1-2 compares the characteristics
of these systems. Additional descriptive and technical details are included inFAppendix

Table 5.1.21: RCM System Characteristics

Bit Rate Word Frame Parity | Output Code| Frame/
Size
Length Subframe
WFF93 | 78kb 8-16 Upto8k |None |BluL, MLimited
words NRZL, M, S | to 8k
to RNRZL
10 Mb Conv NRZM
Conv NRZL
MV Up to 816 Upto None |BIl OL, Limited
encoder | 20Mb/s 130k NRZL, M, S | to 32K
words RNRZL
Conv NRZM
Conv NRZL
Mesquito | Up to 16 Up to None | NRZ-L Limited
2Mb/s 64K Randomized| to 64K
words

5.1.3 WFF93 PCM Encoder System

The WFF93 PCM encoder is a general purpose, versatitgjgerable high rate PCM telemetry system

for use where system requirements are subject to change. The format structure is configured by a sof
program designed for the PC environment. aldware is configured as a stack up system with various
data modules, which can be added as required. A more detailed description and module characteristic
the PCM Encoder System is included in Appé&ndix
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5.1.4 MV Encoder

The MV encoder is similarttee WFF93 encoder but with the capability of a faster bit rate, the capacity o
130K words per major framandtwo RS232 input ports. The MV encoder has the same PCM output
codes as the WFF93 and has a smaller footfgtiat. makes the MV encoder unigukifferent from the
WFF93 is that it only allows differential parallel inpoésMV encoder is 2x3 inches at its minimum with
each additional deck adding .37560.

5.1.5 Mesquito Encoder

The Mesquito encoder was develdpedmall form factor telemeystemsThe Mesquito has all boards
i n a stackaklé®rn factor. The encoder can be programed througi?@Ri8terface and requires a
nominak12 VDC power source. The Mesquitoapable obutputinga PCM stream at 1, 1.6, or 2Mbps
which can beonfigured though the 232 interface. The Mesquito has three input boards that it can

support.

The Mesquito has an analog input board that can support up to 16 channels per board. Each channel
bit resolutiorwith inputfrom 0-5v. This systemsansupport up to four analog input boards for a total of 64
input channels. The Mesquito can also support-a8Ri8put board; this board can support two
asynchronous data streams at popular baud rates including 1200, 19200, and 11%282.b0sedcan
accommodatthreetimeevent inputs. Finally the Mesqii&sa serial input board which can support 2
channels ogithersynchronousr asynchronousommunication; this board is compatible witldZ&Sand

can supporasynchronousaud rates of 19200 and higher. Each channel on the board includes a control
signal fosynchronous serigated clock, enable, and inverted load.

5.2 Attitude Instrument Systems Common to Several ACS's

Several types of sensors are used to provide pjitode information. Some of these sensors meet the
unique needs of a single type of attitude control while other sensors are versatile enough to be used a
multiple platforms. Three instrument systems used in several types of attitude eangalrsyshe
GLN-MAC, Bartington magnetometers, Honeywell magnetometers, an®@o® Str tracker.

5.2.1 GLN-MAC Inertial Attitude Sensor

The GLN-MAC Gimbalmounted_N -200 with SandidiniatureAirborneComputer) is a reftabilized
inertial measureant unit for spinning vehicle applications. It was developed by Sandia National
Laboratories in 1998.

The GLN-MAC can be used to provide a full navigation solution including position, velocity, attitude, ar
body rates to control systems for spinninghang pi nni ng rockets. It is
celestial (CACS), inertial (NIACS), and combined inertial and magnetic (MaNIACS) control systems. |
also be flown independent of an attitude control system as a TM gyro when knowledgeositential
required without a need for control. Before the introduction of the MaNIACS, it was also commonly flo
with magnetic control systems (NMACS) that required inertial attitude information.
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5.2.1.1LN-200

The GLN-MAC consists of an {200 Ineri@l Measurement Unit (IMU) containing gyros and
accelerometers mounted on a gimbaled platform
the LN-200 uses three orthogonal setate fiber optic gyros (FOG) and three sttt MEMS
accéerometers to sense the motion of the payload. This IMU can measure accelerations of up to 40 g
angular rates of up to 1,432°/sec.

5.2.1.2 Function

The GLN-MAC has two modeSnertial and caged. The inertial mode is used when the payload is
spinning.In this mode, the gimbal rotates to zero out the roll rate seen by-200.LN resolver reads

the roll angle of the gimbal so that the @UNC can reconstruct the attitude and rate information of the
payload. This improves the accuracy of theQ0y greatly reducing the measured roll angle and
therefore the scale factor error.

When the GLNMAC is caged, the gimbal is controlled to a constant angle and2b@ ishhot allowed
to rotate relative to the rocket. This allows thQ0lto measure thates and angles in the roll axis after
the payload has beengtrin.
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Figure 5.2.11:GLN-MAC
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5.2.2 The Bartington MAG-03MS Magnetometer

Two ACS systems use the Bartington MBGIS magnetometer to determine the payload orientation with
respect to the local magnetic field. NMACS uses this information to point the payload alongany directi
relative to the local magnetic field, and SPARCS VIl uses it to determine and control its roll orientation
IS pointing to the Sun.

The Bartington MA@3MS is an analogalis magnetometer which is composed of 3 fluxgate sensing
elements mountemtthogonally on a square base, which can then be mounted on the payload. Each ele
produces an output voltage signal proportional to the component of the magnetic field along its sensin
axis. Together, the trio can measure both the magnitude armhdifdbe magnetic field. Some key
characteristics of the magnetometer are described below:

Power supply: £12 V

Dynamic range: 70 uT

Output voltage: £10 V

Frequency response: flat from DC to 1 kHz with a bandwidth of 3 kHz

This magnetometer is usuallyumed in the ORSA section near the nose of the payload to minimize the
magnetic interference from the other electronic systems. Even so, its analog signals are susceptible tc
corruption as they travel through a long cable to the ACS section. A praebaenlestablished to
calibrate this magnetometer against systematic magnetic interference in its operational environment a
characterize the witd-payload mounting misalignment.

5.2.3 Honeywell Magnetometers

The HMR2300 is a digital magnetometéchwirses an orthogonal triad of magnesgstive sensors to
measure the local magnetic field. Each sensor has a range of +2 gauss with a resolution of less than |
pgauss and can provide data at rates of up to 154 samples per second. To mininciretenfzgeste

from other payload systems, the magnetometer is usually placed near the forward or the aft end of the
payload rather than within the attitude control system (ACS) section. The HMR2300 data is then
transmitted through a serial interface fitsmemote location to the ACS. Whatever magnetic interference
remains can be calibrated out after the magnetometer has been integrated with the rest of the payloac

Currently, this magnetometer is used in two ACSs: the Digital NSROC Magnetic ACS DAMAIGS
Magnetic NSROC Inertial ACS (MaNIACS). During phases of a mission when alignment relative to th
magnetic field is required, the information from the magnetometer is used to align the spin axis of the
payload with the magnetic field or in @i§pd direction relative to it.

47



810-HB-SRP

5.2.4 ST-5000 Star Tracker

The Star Tracker’5000(ST-5000) is a lowost star tracker which can determine pointing from any location
in the sky. It was developed by the Space Astronomy Laboratory at University oh\d/iMedson
with funding from NASA.

TheST5 000 i s currently used i n NSROCG&6s Celestia
star tracker has the capability to provide both attitude information and digital images of the star field.

5.2.41 Function

The ST5000 contains a sensor which continuously captures images of the 5.4° by 7.4° portion of the s
is pointed towards. The software tracks up to 32 stars at one time, comparing them with the stars in tf
500 0-bomrd brarytodeer mi ne t he payl o5@ daees notrraquereanyapriar o n .
knowledge of its orientation in order to determine its attitude. Its Lost in Space (LIS) feature can prodt
an initial attitude solution within 1 to 10 seconds. Once the ditikideen determined, the system
provides quaternion updates to the attitude at a rate of 10 Hz.

In addition to the quaternion, the-8000 can also transmit the images taken by the star tracker.
Progressive Image Transmission is used for sending s Mvhich allows full figdlview images to
be transmitted in less than 30 seconds over a 19.2 kb&2@l telemetry downlink.
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ST5000 Star Tracker

GENERAL CHARACTERISTICS

Performance Capabilities Nominal Dimensions

FieldofVi ewé é é é e éé € ééééeéb SensorHead

Star Catalogééé. . ééeééeée.. Lengthééééeéeééeéeéeééees. 1
LostinSpaceL | Séééeé. . éé. .. Qua Di amet er é&&é&é&éeéés. 06 (1
Progressive I mage Transm Massééééeééeéeéeéeeéeéeeée. ... 4.

Temperatureééééé. -2 oa@cé Electronics
Lengtheéeéééeééeéeééeéeéen. 1l

Star Tracking Capabilities Widthéééeééeééeééeée. 5. 7
Pitch/ Yaw Errorééééééééé Heightéeééeeeeéeeéees. 7
Roll Erroréécéécéececécéeéé Masseéeééee..ee.eceeé 6.
Pitch/ Yaw Jittereéeéééeécécéée
Rol | Jitteréééééééééeéééé Electrical Characteristics

* Measurement from August 2007 Flig Oper at i ng Vol tageéééeé&é¥.

Current €eééééecé. . ééeée. é

Data Output
UpdateRate . . . . . . . . . . . . . . . ...
Hz
RS232/ RS422¢é¢ééééérbXbaud
Anal og (several out pub\s,

Figure 5.2.41: ST5000 Star Tracker

5.3 Onboard Sensors and Instruments
5.3.1 TTC Flight Recorder

The TTC is a ruggedized flight recorder desigrsegtain a crash. The TTC can be programed and
communicated with via a GUI and an Ethernet inriehe TTC can support up @ldps and be

equipped with a solid state hard drive with a capacity up to 2TB. The component is modular allowing fc
simple dropn additions of more Ethernet ports and other components. The TTC also is fitteglinvith 9
DEMA connector cards that allow for serial inputs.

NSROC uses the TTC tecord data at faster speeds tnaditional telemetry can support and allow
experimententerface to raw sensor data over Ethernet. NSROC also uses the TTC as a data backup i
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